A fluorimetric method was used to determine the o-phthaldialdehyde (OPA) reactivity of amino groups for the assessment of non-enzymatic browning reactions in products with a prolonged shelf-life. The studies were conducted in four commercial infant cereals: wheat-based '7-cereals' and '8-cereals', and gluten-free 'rice cereal' and 'rice-corn cereal'. The cereals were monitored at 288C for 4 or 16 weeks, or under high water activity (0.65) conditions at 258C or 558C for 1, 2, 3 or 4 weeks. OPA reactivity gradually decreased during storage under all temperature, time and water activity conditions, with especially marked losses under conditions of greatest heat intensity and high water activity. According to the present results, the determination of OPA reactivity offers a simple, rapid and reliable method to evaluate non-enzymatic browning.
Introduction
Infant cereals are the first complementary foods given to babies, because they provide an important source of energy and can be easily assimilated. In Mediterranean countries, they form the basis of weaning; feeding from the age of 4 Á/6 months was recently recommended as a means to prevent intolerance to foods (Molina Font & Maldonado, 2000) .
In their industrial production, infant cereals undergo toasting and/or boiling, hydrolysis, and drying processes to improve their sensory qualities, digestibility, safety, and shelf-life (Gil et al ., 1991 (Gil et al ., , 1994 . They have a long shelf-life and can usually be consumed for up to 2 years after their manufacture.
Commercial infant cereals are mostly composed of cereal flours (either with gluten or gluten free), legume flours (e.g. soy) or powdered infant milk formulas. Among other ingredients included in these cereals (not cereals) are sucrose, glucose or fructose syrup, honey, powdered fruit, biscuits, minerals, vitamins and flavors. These products can be commercialized with or without milk and the consumer must reconstitute them with the addition of water or milk before their use.
Technological processes applied to infant cereals can give rise to modifications in their composition. The thermal treatment applied to infant cereals induces the non-enzymatic browning reaction, which occurs during the processing and storage of infant cereals. This reaction between free amino groups and reducing sugars leads to the biological unavailability of amino acids through modifications of their side chains or destruction of their carbon skeleton, with an overall reduction in protein digestibility (Hurrell, 1990) . The progress of non-enzymatic browning reaction is dependent on the composition of these products and the length and conditions of their storage (Fernández-Artigas et al ., 1999; Guerra-Hernández et al ., 1999) .
The measurement of amino group losses has been widely used as a tool to monitor non-enzymatic browning reactions. One of the most sensitive fluorogenic reagents used for protein determination is o-phthaldialdehyde (OPA) (Vigo et al ., 1992; Morales et al ., 1996) . Joys & Kim (1979) first reported that OPA reacts with the free lysine residues of peptides to form 1-alkylthio-2-alkyl-substituted isoindoles in the presence of mercaptoethanol at pH 9.5 and room temperature. These isoindoles show an absorption band at 335 nm and are highly fluorescent. The OPA technique presents the following advantages over other methods (Goodno et al ., 1981) : it is free of interference from sugars and needs no sample dialysis; only a small sample and a short time are required, and it reacts fully at room temperature; no protein hydrolysis or subsequent solvent extraction is needed; and it is not itself fluorescent.
Loss of OPA fluorescence has been used to study the heat treatment of milk (pasteurized, UHT and sterilized) (Morales et al ., 1996) and the processing and storage of infant formulas (Ferrer et al ., 2000; GuerraHernández et al ., 2002) and enteral formulas (Rufian-Henares et al ., 2002a,b) . In all cases, the results varied significantly depending on the treatment and/or storage times.
There has been some investigation of the effects of processing on the extent of the nonenzymatic browning. However, no published study could be found on the effect of long storage periods on the browning of infant cereals.
With this background, the present study was designed to determine the browning of infant cereals stored under normal and adverse conditions (temperature, time and humidity) by measuring the OPA reactivity to evaluate the utility of this parameter as damage indicator and to evaluate its utility as a rapid method for monitoring these foods.
Materials and methods

Samples
Four types of infant cereal base were obtained from a dietetic products company: '7-cereals' (bran containing wheat, rice, barley, corn, rye, oat, millet and soy flours), '8-cereals' (containing wheat, rice, corn, rye, oat, barley, millet, sorghum and soy flours), 'rice cereal' (containing only rice) and 'ricecorn cereal' (containing rice and corn flours). According to nutrition labeling on the package, the infant cereals all contained 80% flours plus sucrose, caramel, vitamins, minerals and flavors.
Design of the experiment The samples were stored under different laboratory conditions, as follows: at 288C in an air oven for 4 or 16 weeks, with no control of water activity; and at 258C or 558C for 1, 2, 3 or 4 weeks with controlled water activity (A w 0/0.65). To maintain this water activity level, the moisture of the cereals was controlled according to the procedure described by Saltmarch & Labuza (1980) , placing the samples in a Petri plate on the upper shelf of a desiccator containing sodium nitrite saturate solution.
The samples were analyzed before their storage and again after different storage conditions. Solid samples were stored at (/508C until their analysis.
Analytical determinations
OPA fluorescence measurement. The fluorimetric method was based on a combination of more than one method; the available lysine methods described by Morales et al . (1996) and Medina & García Alvarez-Coque (1992) , with slight modifications (Rufian-Henares et al ., 2002a). First, 1.5 ml sodium dodecyl sulfate (Sigma, St Louis, MO, USA) 12% (w/v) solution and 1.5 ml deionized water were added to 0.06 Á/0.12 g of cereals according to the type of sample (containing around 6 mg protein) and then refrigerated overnight. One milliter of digested sample was mixed with 2 ml water and 2 ml freshly prepared OPA (Merck, Darmstadt, Germany) reagent [16.4 mg in 2.5 ml of 95% methanol (Panreac HPLC grade, Spain), 5 ml of 20% sodium dodecyl sulfate (Merck), 25 ml of 0.1 M borate buffer (pH 9.5; Panreac, Barcelona, Spain), and 400 ml of 10% b-mercaptoethanol (Merck) solution made up to 100 ml with distilled water] with constant stirring, and was incubated for 2 min at 258C. The relative fluorescence (RF) was measured after 3 min at emission and excitation wavelengths of 455 nm and 340 nm, respectively, using a fluorescence spectrophotometer (model 204; PerkinElmer, Norwalk, CT, USA). Quinine sulfate (Acofarma, Torrosa, Spain) solution (5 mg/l in 0.1 N H 2 SO 4 ) was prepared daily as 100% RF calibration standard. The amount of non-stored sample weighted may provide a RF value next to 100. Loss of OPA reactivity (%) was calculated using the formula:
Loss OPA reactivity (%)0RF non-stored sample (RF stored sample =RF non-stored sample )100
Two duplicate samples and two replicates were run for each analysis.
Statistical analysis
Data were evaluated with an unpaired Student's t-test was used to obtain the significant differences. The level of significance was 99%. The Sigma package program supplied by hours Hardware S.A. (Madrid, Spain) was used.
Results and discussion
We found no studies in the literature on the application of the OPA reactivity method to infant cereals.
Preliminary studies
To assess the validity of the proposed method, the linearity, precision, accuracy and detection limit were estimated. The precision study was carried out using 'rice cereal' and '7-cereals' samples ( Table 1 ). The coefficient of variations for n 0/7 (corresponding to the fluorescence measurement) were 0.74% for 'rice cereal' and 0.58% for the '7-cereals'. The accuracy of the method estimated through recovery assays was obtained by addition of amounts known of a cereal protein (gluten) between 1.5 and 3 mg to 50 mg of 'rice cereal' and 15 mg of '7-cereals'. The initial values in 'rice cereal' and '7-cereals' samples were calculated from the linear equation for gluten described earlier.
The mean recovery obtained was 91.8% and 96.5% for 'rice-cereal' and '7-cereals', respectively (Table 2) . Two duplicate samples and two replicates were realized.
The detection limit was calculated according to the definition 3S n(1 /b (American Chemical Society, 1980) , where S n(1 is the variability in the field blank, for a total of 16 blanks, and b is the slope of the gluten curve. The value of the limit calculated in the assay was 0.63 mg. The detection limit in the samples was 6 mg for '8-cereals', 6.6 mg for '7-cereals', 11 mg for 'rice-corn cereals' and 14.3 mg for 'rice-cereal'. The intensity of fluorescence was considered to be due to the proteins, because no intensity is detected in the supernatant obtained after treatment with 10% TCA solution (Goodno et al ., 1981) .
Loss of OPA reactivity during storage of infant cereals Non-enzymatic browning reactions in the storage of infant cereals may be followed by the loss of amino groups, measurable as the reduction of their reactivity to OPA. Table 3 presents percentages of OPA reactivity loss at usual or adverse storage temperatures and under modified water activity conditions. Non-stored samples were used as the reference.
The 'rice cereal' samples exhibited losses of OPA reactivity under all the storage conditions assayed (time, temperature, A w ). At 258C and A w 0/0.65, storage from 1 to 4 weeks showed losses of 0 Á/8.3%. Significant (P B/ 0.01) changes were only detected after week 3. As expected, a lower loss was found under normal A w conditions, and no significant differences were observed at 288C. Drastic storage conditions (558C/A w 0/0.65) were associated with higher losses of 32% for week 1 and 48% for week 4. OPA loss measurements differed significantly (P B/ 0.01) between distinct storage periods. The 'rice-corn cereal' sample also exhibited OPA reactivity losses under the different storage conditions. The highest losses were produced at 558C with an A w of 0.65, reaching 70% after week 4. Storage at room temperature (288C) produced a loss of 6.5% and 9.4% at weeks 4 and 16, respectively. The losses at room temperature (258C and 288C) were higher under high A w conditions. Statistical analysis of the results for 'rice-corn cereal' samples showed significant differences in losses between the different storage conditions (P B/ 0.01).
The '7-cereals' and '8-cereals' samples, which included soy flour, showed greater losses with longer storage times and under drastic storage conditions. Storage at room temperature (288C) produced losses at weeks 4 and 16 of 9.3 and 11% in '7-cereals' and 1.5 and 6.3% in '8-cereals', respectively. These losses were statistically significant with the exception of '8-cereals' at week 4. Storage at room temperature (258C) with high water activity increased the loss of OPA reactivity, with statistical significance in the case of the '7-cereals' sample (P B/ 0.01). Both samples showed a significantly (P B/ 0.01) increased loss under drastic conditions of storage (558C/A w 0/0.65).
Other indicators (furosine, Hydroxymethylfurfural (HMF) and color) have been applied to estimate the extent of browning reaction in these samples. The furosine was only useful at 288C and the color storage in drastic conditions (558C/A w 0/0.65), or infant cereals without a high proportion of corn (Ramírez-Jiménez et al ., 2003) . HMF can be only used in those samples where caramel is not enclosed in the formulation (Fernández-Artigas et al . 1999) . Lysine available was also determined in '7-cereals' samples; the losses were 6% and 62% for 258C/ 0.65 and 558C/0.65, respectively, after 4 weeks' storage (Ramírez-Jiménez, 2001 ).
In conclusion, the method applied in the present study is simple, rapid, precise and accurate. It can be utilized to monitor nonenzymatic browning during the storage of infant cereals. The infant cereals showed losses of OPA reactivity under each storage condition assayed (time, temperature and A w ). The changes were statistically significant, especially under conditions of high water activity. The highest loss of OPA fluorescence was recorded under conditions of greatest heat intensity. Water activity also plays an important role and, at 288C, the loss after 16 weeks of storage with normal water activity was similar to the loss after 2 weeks with high (0.65) water activity at 258C. No relationship was observed between the infant cereals studied. The losses must be evaluated for each type of infant cereal in the particular storage conditions under study.
